Epidermal growth factor (EGF) is produced primarily by Leydig cells of human testis. Expression of the EGF gene was assessed in mouse testis during the course of sexual maturation by the application of the RT-PCR method and the use of specific oligonucleotide primers. Testis EGF mRNA content increased with the developmental age of the mice, i.e., day 15 < day 30 < day 45 postnatal. The expression of the EGF gene appears to correlate with maturation of the testis and proliferation of Leydig cells.
INTRODUCTION
Epidermal growth factor (EGF) was initially isolated and purified from the submaxillary gland (SMG) of male mouse [1] . It is a polypeptide composed of 53 amino acid residues [2] . It influences cell proliferation and differentiation and modulates the growth and development of mammalian organs [3] [4] [5] [6] [7] . A noteworthy finding is that extirpation of mouse SMG results in a marked reduction of serum EGF concentration associated with an impaired spermatogenesis [3] . This finding suggests that EGF may regulate sperm production and differentiation. In human testis, EGF is produced primarily by Leydig cells, as determined by an immunocytochemical technique [8] . The present study was performed to verify that the EGF gene is expressed in mouse testis by the application of the sensitive RT-PCR technique. Evidence is presented demonstrating that EGF gene is expressed in mouse testis during sexual maturation.
MATERIALS AND METHODS

Molecular size marks
Polynucleotide molecular size markers, Hid III-treated λ DNA molecular size markes.
Animals
Guidelines for the Care and Use of Animals appoved by the Laboratory Animal House, Shanghai Institute of Cell Biology, Shanghai, China, were followed. Male Balb/c mice of days 15, 30, 45 postnatal (PN) on were obtained from the Animal House of the Shanghai Institute of Cell Biology. All animals were killed with the use of cervical dislocation. The testis and SMG were excised and processed immediately.
Synthesis of specific primers
The following oligonucleotides corresponding to the N-and C-termini of EGF were prepared by the Synthesis Facility of the Institute: sense primer, 5'-GAATTCAGTTGCCCTGACTCTACCGC3' (nucleotides 3222 -3242) and the antisense primer, 5'GAATTCGCAGACAGCCACCATGAT-3' (nucleotides 3467 -3488). Both primers contained an EcoRI cleavage site.
RNA isolation
A sample of 50 μg of testis or SMG (wet weight) was homogenized in 500 μ1 of denaturing solution (4 M guanidinium isothiocyanate, 20 mM Sodium acetate, pH 5.2, 0.1 mM dithiothreitol and 0.5% Sarkosyl). Total RNA was isolated by guanidenium thiocyanate/phenol-chloroform extraction method according to Kingston et al[9] . RNA was determined using the Gene Quant (pharmacia Biotech). The absorbance of the RNA solutions were measured at 260 and 280 nm and the amounts were estimated from the ratio: A260/A280.
Synthesis of EGF cDNA
EGF cDNA was prepared by incubating 20 μg of total RNA and 10 pmol of EGF specific antisense primer for 1 h at 42℃ using 5 unit of AMV reverse transcriptase (Promega) in 50 mM KC1, 10 mM Tris (pH 9.0), 0.1% Triton X-100, 2.5 mM MgCl 2 , 10 unit/ μl RNasin (Promega) and 1 mM each of dATP, dGTP, dCTP and dTTP (Pharmaeia Biotech). The reaction was stopped by heating the reacting mixture at 95 ℃ for 5 min.
PCR amplification of the EGF cDNA
The cDNA product obtained by RT was suspended in 30 μl of PCR buffer (50 mM KCl, 10 mM Tris, pH 9.0, 0.1% Triton X-100, 1.5 mM MgCI2), 1 mM each of dATP, dGTP, dCTP and dTTP, 50 pmol of EGF sense and antisense primers, 3 unit of Taq DNA Polymerase (Boehringer Mannheim) in final reaction volume of 50 μl. The reaction mixture was overlaid with 40 μl of mineral oil. Amplification was performed by sequential cycle of incubation at 94 ℃ for 45s, 55 ℃ for 45s and 72 ℃ for 1 min 15s, for a total of 40 cycles. After the last cycle, the reaction mixture was incubated for an additional 5 min at 72 ℃. The products were subjected to electrophoresis in 1 × Tris-borate buffer containing 2 mM EDTA in 2% agarose gel. The gel was washed in fresh electrophoresis buffer, stained with ethidium bromide (2 μg/ml ) and photographed.
Cloning and sequencing of EGF cDNA
The products of RT-PCR were digested with EcoRI and the fragments separated by electrophoresis on a 1.5 % low -melt agarose gel. The EGF-DNA fragment was isolated and ligated to the EcoRI site of pUC18. The recombinant plasmid were characterized by hydrolysis with EcoRI and by PCR with a specific primers. Nucleotide sequence of the recombinant plasmid DNA were determined by the Sanger dideoxy chain termination method[10] using the T7 Sequencing TM Kit (Pharmacia Biotech).
PCR amplification by a fixed number of cycles on serial dilution's of EGF cDNA
The eDNA products from reverse transcription (RT) reaction was serially diluted in water from 1:2 to 1:32 and processed by PCR amplification according to Murphy et al.[11] . The serially diluted cDNA suspensions were mixed with 25 μ1 of the following reagents, 2 × PCR buffer, 1 mM each of dATP, dGTP, dCTP and dTTP, 50 pmol each primer, 3 unit of Taq DNA Polymerase (Boehringer Mannheim). The final PCR reaction volume was 50 μ1. After 40 cycles, the products were electrophoresed, photographed. The densities of the bands on negatives were scanned and measured using a spectrophotometer with a LKB Gel Scan attachment.
RESULTS
EGF mRNA in mouse testis was amplified by the RT-PCR method using specific oligonucleotide primers. The corresponding DNA was identified as a 279 bp band after electrophoretic separation (Fig 1) . The amount of EGF mRNA in mouse testis and SMG was determined and compared. The content in testis was lower than in SMG (Fig 2) . The recombinant clone, pUC18 with the insert, was hydrolysis with EcoRI. A cDNA fragment composed of 273 bp was separated by electrophoresis and identified (Fig 3) . When the recombinat plasmid with the insert was amplified by PCR using EGF specific primers, a 279 bp component was obtained (Fig 4) . The nucleotide sequence of the 279 bp component was determined and found to contain segments identical to the synthetic primers (Fig 5), showing conclusively The expression of EGF mRNA in mouse testis during the course of sexual maturation (days 15, 30, and 45 postnatal) was determined with serially diluted preparations of EGF cDNA using the PCR method run for 40 cycles. The PCR products separated by electrophoresis and the plot of the densitometic measurements of the bands are shown in Fig 6. The amount of EGF cDNA synthesized increased with increasing concentrations of RNA used in the reaction mixture (Fig 6) . Particularly in the case of 15 and 30 postnatal, a linear range from 1:2 dilution to 1:16 dilution was shown (Fig 6) . As compared with each other at any point of input RNA, the highest expression level was shown in 45 postnatal, middle in 30 postnatal, the lowest in 15 postnatal. EGF mRNA content in testis increased with the developmental age of the mouse: day 15 < day 30 < day 45 postnatal. To validate that testis EGF mRNA content increased with the development of sexual maturation, normalization of the values to a known mRNA (β -actin) as an internal standard, was performed by using different primers sets [12 -14] . Since testis content of β-actin mRNA is substantially larger than that of EGF mRNA, reverse transcription was performed separately (reverse transcription for EGF with 15 μg testis total RNA and for β -actin with only 1.5 μg). An electrophoretic separation of the PCR products, revealed that the β -actin cDNA migrated as a 550 bp band (Fig 7) 
DISCUSSION
Previous reported studies showed that EGF is required for the maintenance of testicular function [3] [4] [5] [6] [7] . However, Skinner et a1.[15] failed to detect EGF mRNA in the seminiferous tubules of rat testis by Northern blot analysis, using a human EGF cDNA probe and concluded that TGF-α rather than EGF is the biochemical regulator of spermatogenesis. On the other hand, we demonstrated the presence of EGF in human testis cells by an immunohistochemical technique [8] . Positive staining occurred with most Leydig cells, and with some spermatogonia and peritubular myoid cells. The negative results obtained by Skinner et a1[15] might have been due to the low sensitivity of the method. In contrast, the present PCR method with the use of specific primers is a highly sensitive technique that minute amounts of specific mRNA can be measured. Moreover, the nucleotide sequence of the cDNA synthesized from mouse testis mRNA was found to be identical to that of authentic EGF gene [2] .
The present results indicate that the expression of the EGF gene in mouse testis increases with the progress of sexual maturation and parallel to the development of spermatogenesis, while the expression of the β -actin gene remains constant. Since EGF is produced primarily by the Leydig cells [8] , the expression of EGF gene should correlate with Leydig cell proliferation. In testis at day 11 postnatal, Leydig cells form about 8% of the total number of interstitial cells [16, 17] . Their number increases to about 30% of the interstial cells in the mouse at day 50 postnatal. Our results show that the amount of EGF mRNA at 45 postnatal is about two fold at day 15 postnatal. Thus the increase in EGF mRNA content of testis during sexual maturation appears to parallel with the proliferation of Leydig cells. Although the mechanism of EGF regulation of spermatogenesis is not known, this cytokine has been shown to modulate phosphorylation of an androgen-regulated protein (the androgen receptor) and activate the androgen responsive system [18] . This pathway may be operational in the testis. EGF can also act by mimicking other growth factors [19, 20] and influence spermatogenesis by autocrine and paracrine mechanisms.
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